The assumption of the stability of preferences is fundamental to consumer theory and the use 3 of cost-benefit analysis. Many papers within the stated preferences literature have tested this assumption, 4 and have found mixed results. Individuals may become more sure of their preferences as they repeat a 5 valuation task or purchase decision; they may also learn more about prices and quantities of substitutes 6 or complements over time, or about other relevant characteristics of both the good being valued and 7 alternatives in their choice sets. In this paper, we test for the stability of preferences and willingness to 8 pay for attributes of forest management both within one survey and between two different moments of 9 time. The "within survey" test compares a set of responses from individuals over the sequence of the 10 first 12 and the second 12 choices in a stated preference survey; the "between two different moments of 11 time" test compares responses from the same people over a period of 6 months. Non-parametric analysis 12 reveals little clear trending in choices across these sets, and higher consistency for status quo choices 13 than for enhanced environmental management choices. Overall, we reject the strictest test of the 14 equivalence of WTP distributions between choice sets. However, we also find that respondents' mean 15 willingness to pay is fairly stable both within survey and between moments of time. Such differences as 16 emerge are mainly driven by the changes in variances of WTP and by imperfect correlations of 17 individual-specific WTP between choice sets. 18 JEL classification: D01, H4, Q23, Q51 19
Introduction
notes that whilst "… in micro-economic theory, it is assumed that individuals know 2 their preferences and that these preferences are stable ...", the consensus from behavioural psychology 3 is that individuals are continually (re-) constructing their preferences in a context-dependent manner. 4 This implies that preferences for the same good, and willingness to pay (WTP) for a particular change 5 in that good, might well vary over time for an individual, even if the time span over which preferences 6 are observed is very short. Standard economic theory allows for WTP estimates to change as variables 7 which co-determine one's demand for a good change, or as one learns more about the characteristics of 8 a good (Munro and Hanley, 2002 ) or one's preferences for experience goods (Czajkowski, Hanley and 9 LaRiviere, 2014). However, in the standard model preference parameters are supposed to be stable 10 (McFadden, 2001 ). This is a crucial assumption when valuation of a public good is conducted in order 11 to inform policy makers. If preferences are unstable such that willingness to pay for a specific change 12 in the quantity of a public or private good varies even though there is no change in any of the standard 13 economic drivers of welfare measures, then benefit-cost analysis is no longer informative as to the 14 efficiency implications of policy change or changes in environmental management. For example, 15 changes in stated willingness to pay due to variations in the emotional condition of a respondent would 16 mean that the Kaldor-Hicks potential compensation test could no longer be applied (since whether gains 17 exceeded losses would depend on un-observable variations in context). Our study sheds some light on 18 validity of valuation methods with regard to preference stability assumption, since we test both the 19 stability of an individual's willingness to pay for a good across a sequence of choice tasks in an initial 20 survey, and across a 6-month period between this initial survey and a follow-up survey. 21
Specific tests for preference stability over environmental goods can be found in both contingent 22 valuation (CV) and discrete choice experiment (DCE) settings. CV test-retest procedures were 23 conducted among others by Loomis (1989) , Carson et al. (1997) , Brouwer (2006) and Brouwer (2012) . 24
In all cases two surveys were carried out over an interval ranging from two weeks to two years. The 25 results in all cases indicate that the average WTP is stable. 26 Test-retest procedures have also been applied within DCE. Bliem, Getzner and Rodiga-Laßnig (2012) 27 estimate multinomial and mixed logit models on samples from two surveys of river restoration options 28 in Australia, where the two surveys were undertaken one year apart. The model coefficients where 29 compared using a Chow test. This indicated that there was no difference between preferences in these 30 samples. Liebe, Meyerhoff and Hartje (2012) used an Error Component model to compare preference 31 and WTP estimates in two samples collected 11 months apart. Choices over on-shore wind power 32 options were reasonably consistent over the interval, but WTP estimates differed significantly for around 33 half of the attribute values. Schaafsma et al. (forthcoming) used a one-year interval to conduct a test-34 of their preference type becomes narrower as experience in choosing increases (Czajkowski, Hanley and 23 LaRiviere, 2014). As people repeat choices, they may also find that a choice task becomes simpler; or 24 else they may become bored and start using heuristics more frequently (Swait and Adamowicz, 2001) . 25 Any of these effects could show up as a change in the estimated values implied by choices, whereas in 26 fact there has been no shift in underlying "true" preferences. Such fatigue or learning effects could also 27 show up in the random component of utility (Czajkowski, Giergiczny and Greene, 2014) . A review of 28 multiple such "ordering effects" as well as their empirical testing can be found in Day et al. (2012) . 29
There have been a number of papers which also demonstrate a related "time to think" effect on WTP for 30 changes in an environmental good (Whittington et al., 1992; MacMillan, Hanley and Lienhoop, 2006) . 31
In this paper, we conduct both within survey and between two different moments of time tests of the 32 stability of choices and estimated distributions of WTP. These tests are based on observations of the 33 same individuals. The within-survey test considers responses to the first 12 and then second 12 choice 34 questions in a survey on options for forest management. The between moments of time test compares 35 its natural dynamics as well as its species richness, and its ecological structures and functions 23 (Wesołowski, 2005) . 24
From the early 1990s biologists, environmentalists and various NGOs have been trying to convince 25 decision makers to enlarge BNP over the entire territory of the Białowieża Forest; so far, unsuccessfully. 26
One of the aims of conducting our study was to provide arguments in public discussions regarding the 27 enlargement of the Białowieża National Park and possible changes in the forest management. In 28 addition, our survey was constructed in a way which enabled testing preference stability, which is the 29 main purpose of this paper. 30
A few one-to-one in-depth interviews were conducted by the research team members to fine-tune the 31 survey instruments (structure, wording, visual materials -maps and photos). After consultations with 32 biologists 1 working in the Białowieża Forests two possible management levels for the forests outside 1 BNP and the reserve have been considered that is: 2 1) maintain the current management typical for managed forest or 3 2) enlarge the passive protection zone, that is to allow for rewilding 2 of the managed part of the 4 Białowieża Forest. 5
It was explained that these options would result in low or high level of forest naturalness respectively. 6
The differences between managed forests (low level of naturalness) and close to natural forests (high 7 level of naturalness) were explained to the respondents with the use of photographs, drawings and 8 written descriptions presented in Figure 1 . 9
The Białowieża Forest can be divided into three relatively homogenous parts which differ in naturalness 10 levels. The short characteristic and possible changes in the management in each part were explained to 11 the respondents. insects which depend on high volumes of dead wood are present only here (Wesołowski, 2005) . 20
In the questionnaire we referred to this part as having 'High naturalness level'. 21
2) Second growth forests -approximately 6,000 ha (15% of the Polish part of the Białowieża 22 2) Trees regenerate naturally by self-sown seeds
3) Forest has a multi-age structure 4) There are usually many tree species 5) High volume of dead wood (100 m3/ha or more).
6) There is a greater diversity of species of plants, animals and fungi. Many rare species can live only in the forests with a large quantity of old rotting trees.
1) After attaining a certain age, the forest is logged. Old trees a met rarely.
2) Trees regenerate artificially by direct seeding or planting.
3) Forest has an even-age structure 4) Usually scots pine or spruce monoculture 5) There is a small volume of dead wood (less than 10 m3/ha).
6) There is a much smaller diversity of species of plants, animals and fungi. Rare species do not have good conditions to live here.
Close to natural forests cover about 0.6% of all Polish forests About 99% of forests in Poland are managed forests 2
Experimental design and data 1
The DCE comprised five attributes, of which one -forest naturalness in the National Park and the nature 2 reserve -could take only one level and was presented for completeness. We decided to include this 3 attribute in the choice sets to show respondents the entire picture of the current and future forest 4 management of the Białowieża forest. Is very unlikely that in future the area currently under passive 5 protection could be subject to less stringent protection, and thus the level of this attribute was held 6 constant across all choice tasks and alternatives. The next two attributes referred to future management 7 programs (and the resulting naturalness level of that part of the Białowieża Forest) for the areas which 8 are currently under commercial management, and the second-growth sections of the Białowieża Forest. 9
These management programs (attribute levels) were "commercial use" or "passive protection", resulting 10 in a low and high level of naturalness in the future, respectively. The forth attribute was the maximum 11 visitor numbers allowed for the entire Białowieża Forest, i.e. limiting the tourism pressure on the forest. 12
Lastly, the design included the cost attribute. The payment vehicle was described as the increase in 13 income taxes paid annually by each household in Poland. The attribute and attribute levels are 14 summarized in Table 1 
18
The contingent scenario description, attributes and their levels were developed in the process of 19 extensive qualitative testing to make sure the survey is understandable and the program credible. The 20 main survey was preceded with a pilot study, aimed at making sure the instrument worked well and for 21 collecting priors for the main study design. 22
The data used in this study was collected through a national online survey of the Polish population using 23 two surveys carried out by a professional polling agency. The first survey was conducted in December 24 2011. Of the 3,016 respondents who were invited to take part in the web panel survey 1,459 responded, 25 and 1,302 of them provided usable responses. The final sample was quota-controlled for sex, age, region 1 and city size. In June 2012, 998 of the participants who successfully completed the first survey were 2 invited to participate in a follow-up survey, and 789 of them successfully completed the survey. Since 3 we were able to identify specific respondents within the data set, this provides an opportunity for us to 4 test how their preferences changed over the course of the 6-month period (December to June) while 5 controlling for the panel structure of the data. 4 
6
The first survey (December 2011) included 24 choice tasks, which were in fact the same 12 choice tasks 7 repeated. The first 12 choices are hereafter referred to as set A and the second 12 choices as set B. This 8 design provides an opportunity for us to undertake a within-sample test of preference stability, and 9
indeed to compare on a choice-task by choice-task basis. The second survey (June 2012) included 12 10 choice tasks (set C). The design of the study is illustrated in Figure 2 . Comparing set A with set C for 11 each person is thus a "between two different moments of time" comparison of preference stability. Rose, 2008) approach. 6 The designs were generated and applied separately for half of the participants 18 4 The questionnaire and dataset used in this study are made available online at czaj.org. The models were estimated using custom code developed in Matlab which is made available from github.com/czaj/DCE under Creative Commons BY 4.0 license. 5 Even though the same choice tasks were repeated in the same survey, respondents of the pretesting phase and the main survey appeared unaware of this, or they were not disturbed and did not comment on this. 6 The efficient design was generated using priors obtained from an MNL model estimated on the results of a pilot study conducted on a sample of 100 respondents. In order to account for uncertainty associated with our priors we (conducted 6 months later)
of the first survey. In the second survey, half of the participants received the same optimal-in-difference 1 design choice tasks, while the other half received updated efficient design choice tasks. For ¼ of our 2 respondents (n = 193) we are thus additionally able to test if their choices changed between the first and 3 the second survey, in addition to testing if their implied preferences changed. 4
Each choice task consisted of 3 alternatives, one of which was the Status Quo (SQ, meaning no changes 5 in current management program). In order to control for possible choice task-and position-specific 6 ordering effects, each respondent was presented with a counterbalanced design in which (1) the order of 7 choice tasks and (2) the order of alternatives (including the status quo alternative) was randomized. We 8 have taken steps to ensure that each choice task and each alternative was presented in every position in 9 the sequence a comparable number of times. An example of a choice card is presented in Figure 3 . parameter, i.e. a high utility function error term variance in relation to its deterministic component). If 1 respondents' preferences change between choice tasks (e.g., due to preference learning), it does not 2 appear to change their decisions in a significant way. In addition, we find no difference between 3 respondents who chose the SQ and non-SQ alternatives in the sense that both groups seemed equally 4 likely to change their decisions at every choice task. However, respondents who chose non-status quo 5 alternatives were less likely to be fully consistent in all 12 choice tasks -it seems easier for the 6 respondents' who chose the SQ alternative in every choice to be consistent, as indicated by the shares 7 of cumulatively unchanged decisions presented as bar plots in Figure 5 . 8 9 Figure 5 . Dynamics of the number of decision changes in different choice tasks (set A vs. B; n = 789) 10 
11
In Annex A we additionally included analogous plot for decision changes dynamics between sets A and 12 B for respondents who did not participate in second survey. The plots are very similar, there seems to 13 be no significant differences between them. To formally confirm this, we applied the Kruskal-Wallis 14 test of the differences in shares of unchanged decisions (overall, SQ and NSQ) for each choice task. The 15 results show no apparent patterns, the only significant differences were observed for the fifth choice task 16
for SQ shares and the eighth choice task for the NSQ shares. We therefore conclude that there are no 17 major differences between these samples with regard to preference dynamics and there is no apparent 18 self-selection bias, which could influence our results. 
Between two different moments of time differences 1
Figures 6 and 7 present the dynamics of decision changes between surveys (i.e., between sets A and C, 2 and between sets B and C, respectively). Overall, there is more variation in these cases, but this is partly 3 a result of a smaller sample, since in this case there were only 193 respondents who were presented with 4 the same choices in both surveys. Like in the within survey case, the dynamics of respondents' choices 5 do not reveal any significant patterns. Interestingly, the only respondents who answered consistently 6 between the sets A and C were those who always chose the SQ alternative. characterized by, among others, an increase in the probability of selecting the SQ alternative.
7
In our case, the share of respondents choosing the SQ alternative in each choice task is very 8 similar. Despite some increase between the third and the eighth choice task, and subsequent 9 decrease in the probability, there is no significant difference in the share of SQ choice between 10 set A and B. We interpret it as an indication of no apparent fatigue effect of this type, although 11 it should be noted that in set B share of respondents who have chosen only SQ increased when 12 compared with set A. set C presented in survey 2 six months later. We focus on stability of welfare measures instead of 1 stability of preferences, as it is usually done, for two reasons. First, WTP is the main result of valuation 2 studies, the reason most of these studies are conducted, and in the focus of policymakers who wish to 3 undertake a cost-benefit analysis. Second, WTP measures are scale-free and therefore can be directly 4 compared. For the comparison of preference parameters Swait and Louviere (1993) or Czajkowski, 5 Hanley and LaRiviere (2016) approach should be applied to take the possible differences in scale 6 between different sets into account. Having 3 sets and using this procedure for mixed logit is 7 computationally cumbersome. 8 
8
To conduct our analysis we used the mixed logit model (MXL, Revelt and Train, 1998) which was 9 estimated in the so called WTP-space (Train and Weeks, 2005) , which means that utility of n-th 10 individual from choosing i-th alternative in j-th choice task is reparametrized in following way: 11
where, ijn c denotes cost of given alternative, ijn X is a vector of other attributes and ijn  is a random 13 term. In this framework, the parameters for all attributes ( n β ) but the cost can directly be interpreted 14 as WTP (in PLN per year) 9 . The advantage of this approach is that no additional calculations are needed 15 to estimate some characteristics of WTP distribution, e.g., means of normally distributed random 16 parameters can simply be interpreted as mean WTP. In this model we assumed that all parameters are 17 random, assuming that WTP for all attributes follow normal distribution, while the negative cost 18 parameter ( n  ) is log-normally distributed. 10 The cost parameters are necessarily normalized to one in 19 WTP-space models; instead we present their preference-space counterparts (coefficients of the 20 underlying normal distribution). 21
In order to analyse stability of WTP we interacted every attribute with binary variables for sets A, B and 22 C, which lead to 18 random parameters in the model. Evaluating the statistical significance of the 23 differences of the estimates for different sets provides a convenient way of testing if respondents' 24 preferences as revealed in sets A, B and C are stable. In addition, we also allowed for full correlation 25 between all random parameters. This is important for two reasons: (i) it is very likely that WTP for the 26 same attributes in different sets are highly correlated (in the case of no changes in respondents' choices 27 these correlations should be equal to one), and (ii) the (possibly) heteroskedastic variance of error terms 28 could be different between sets A, B and C, but it is also very likely that its distribution is correlated 1 between them. 11 2 Table 2 presents the results of the MXL model. Estimation was performed using Matlab 8.1. The 3 maximum likelihood function was simulated using 10,000 scrambled Sobol draws (Czajkowski and 4 Budziński, 2015) . Standard errors of coefficients associated with standard deviations of random 5 parameters were simulated using Krinsky and Robb method with 10 6 draws (Krinsky and Robb, 1986). 6
The results presented in Table 2 show that, overall, respondents were generally in favor of extending 7 passive protection to commercial (COM) and second-growth (SGR) areas of the Białowieża Forest, with 8 average WTP in the range of 12.65 to 17.12 PLN for the former and 21.77 to 29.99 PLN for the latter. 9
The distributions of these WTP were highly heterogeneous, as indicated by significant standard 10 deviations of the random parameters. We can also observe a dislike regarding the SQ alternative 11 (negative but heterogeneous WTP associated with the alternative specific constant for the no-change 12 alternative). WTP for restricting the number of visitors (VIS1, VIS2) were highly heterogeneous as well, 13 but mostly insignificant with different signs for different sets. As for the dynamics, we can observe that 14 mean WTP for the SQ, COM and SGR is higher in set B than in set A, but then decreases to an even 15 lower level in set C. WTP associated with VIS1 and VIS2 presents the opposite pattern, but due to the 16 insignificance of these parameters it is not very informative. We revisit these conclusions later, in more 17 formal way, using Wald test. 18
Inspecting the correlation matrix of random parameters (which are equivalent to WTP for all attributes 19 except cost), estimated with the MXL model, presented in Table 3 , provides additional insights. The 20 greyed-out cells correspond to correlations between parameters of the same attributes in different sets. 21
The correlations between WTP in set A and their counterparts in set B are very high, ranging from 92.3% 22 to 99.6%. This means that WTP in set B are approximately linear transformations of their set A 23 equivalents. 12 The correlations between sets A and C as well as sets B and C are much lower, but still 24 positive and significantly different from zero. 13 WTPs are highly correlated within every set as well, 25 especially WTP for VIS1 and VIS2, which was expected. 26 27 Note: ***, **, * represent statistical significance at the 1%, 5% and 10% levels, respectively. Table 4 presents the results of the Wald tests conducted for different hypotheses of parameter equality. 5
It consists of 4 panels. In the first three, we tested whether WTP means, variances and means and 6 variances jointly are equal between every pair of sets, and all sets jointly for each of attributes, and 7 additionally -if they are equal for all the attributes jointly. The fourth panel provides the results for joint 8 equality of WTP means and variances and their respective correlations between sets being equal to 1. 9
Formally, we could say that the distributions of WTP are stable if we were not able reject the null 10 hypothesis of the equality of random parameters means and variances for each of attribute between all 11 sets (A = B = C) and if the correlations of random parameters were perfectly correlated between the 3 12 sets. The Wald test statistic for such a hypothesis is 582.46 which lead to its rejection (d.f. = 30). A less 13 restrictive definition of stability involves the equality of means and variances of WTP.
14 In this case, the 14 Wald statistic is 80.30 which also indicates the null hypothesis of equality can be rejected (d.f. = 20). In 15 conclusion, we cannot say that the distributions of welfare measures are stable between all sets. 16 Table 3 
1.0000
Note: Coefficients in bold are significant at at least 5% level. 
Note: ***, **, * represent statistical significance at the 1%, 5% and 10% levels, respectively.
4
Further investigation of the results presented in Table 4 reveals some interesting facts. First of all, WTP 5 for the SQ (alternative specific constant) seems to be the most stable between all sets. As can be seen in 6 the third panel, we cannot reject the null hypothesis of equality of mean and variance between all 3 sets 7 (Wald test statistic = 6.22; d.f. = 4). In addition, the fourth panel reveals that the correlation of WTP for 8 the SQ between sets A and B is also not statistically different from 1. This does not hold between sets 9 A and C or B and C -the correlations are significantly lower. This result is in line with what we observed 10 in section 3, i.e., that SQ choices appeared more stable (as indicated by cumulative plots and the shares 11 of the SQ alternative choices). It is contrast with the result of Dekker, Koster and Brouwer (2014) who 12 found that WTP for the SQ is likely to be decreasing across choice tasks. 13 The Wald tests results indicate that the changes in mean WTP between sets A and B are not statistically 1 significant. Nevertheless, there are significant differences between the variances of random parameters 2 (see Panel II of Table 4 ). As illustrated by Table 2 , standard deviations of WTP are higher in set B than 3 in set A. As a result, although the means of WTP do not seem to change, their standard deviations 4
increase. In addition, we note very high correlations between the observed WTP (above 92%). This 5
indicates that even though the distributions of WTP are getting more disperse in set B than in set A, 6
individual respondents' WTP generally stay close. 7
Mean WTP do not significantly change between sets A and C either, except for the second-growth areas 8 (SGR). The hypothesis of equal variances cannot be rejected on 1% confidence level in this case, due to 9 significant difference of variances of WTP for commercial forests (COM). The differences between sets 10 B and C are even more evident -means and variances are significantly different irrespectively of 11 whether they are tested separately or jointly. Overall, we cannot conclude that WTP remain stable 12 between sets A, B and C, although the differences seem to be mainly driven by the changes in variances 13
and imperfect correlations of individual-specific WTP. 14
Conclusions

15
The temporal stability of preferences is a key working hypothesis in cost-benefit analysis and the theory 16 of value. It is thus something which is important to test. For environmental goods, several such tests are 17 reported in the literature using stated preference methods. Tests are typically made using samples from 18 the sample individuals or repeated, non-identical samples from the same population over a time interval 19 such as one month or one year. If we observe that preferences or WTP has changed, then this can be 20 attributed to several factors which are hard to separately identify. Over time, people can change the 21 relative importance they attach to goods and services, possibly through learning more about substitutes 22 and complements for this good and/or the characteristics of these goods. Incomes and other socio-23 economic attributes of individuals can also change over time, impacting on WTP. Between two different 24 moments of time tests examine such changes. 25
But we can also look at how stated preferences and WTP evolve within an experiment if a DCE approach 26 is taken, where people complete multiple choice tasks. Here, testing for preference stability is 27 complicated by a different set of considerations. Apparent differences in estimated preferences could be 28 due to people learning their true preference type with more precision as they repeat the choice tasks, 29 learning how to choose better with repetition, or becoming bored and thus falling back onto heuristics 30 whilst making choices. Unfortunately, the data collected in the present survey do not allow us to isolate 31 any learning or fatigue effects in the within-sample tests; whilst there may be changes in respondents' 32 circumstances and knowledge over the 6 months which elapsed between surveys 1 and 2 which we 1 cannot control for. 15 
2
Our contribution is to combine within-and between two different moments of time tests of preference 3 stability for the same set of individuals. The within-survey test compares WTP between the first 12 4 choices and the second set of 12 choices within the same survey. The between two different moments 5 of time test involved re-surveying the same individuals six months later, and repeating the same first 12 6 choice tasks. This allowed us to examine the dynamics of choices. Results show that respondents often 7 changed their choices, but there is no obvious pattern in terms of when these changes occur. Deviations 8 from previous choices were relatively uniformly distributed. Having said that, respondents who 9 consistently choose the SQ alternative were less likely to change their choices than those who did not 10 prefer the SQ. 11
The comparison of mean WTP revealed that this key variable is relatively stable, both within-and 12 between two different moments of time. However, we found that the variances of WTP distributions did 13 differ significantly, especially within survey. In addition, the analysis of correlations of individual-14 specific WTP showed that they were not perfectly correlated, although the correlation coefficients within 15 survey were very high (above 92%) and between two different moments of time (observed from the 16 same respondents 6 months later) remained positive (above 35%) and significant, indicating a high level 17 of self-consistency. Overall, our findings led us to rejecting the hypothesis of perfect preference stability, 18 which would here imply failing to reject the equivalence of the WTP distributions in choice sets A, B 19 and C. This may be seen as being in contrast with the results of some earlier studies. However, this null 20 hypothesis is more stringent than that usually applied (e.g., a simple comparison of mean WTP). We 21 also take preference heterogeneity and correlations into account. 22
As a more general conclusion, despite observing statistically significant differences in WTP 23 distributions and imperfect correlation of individual-specific WTP, our results indicate that the extent 24 of changes is relatively low. That is, when compared with the level of uncertainty associated with 25 welfare measures which results from sampling, survey administration, model specification or the 26 valuation method used, the instability in willingness to pay values which are measured in our survey 27 seem rather small. This is probably the most relevant aspect of our work for policy and management 28 applications, and can be considered reassuring, since it implies that mean WTP remained relatively 29 stable, both within and between surveys. This suggests some support for the continued use of cost-30 benefit analysis to help inform environmental management and policy decisions. 
